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SOUND ABSORBING MECHANISM USING A POROUS ‘MATERIAL.

! " BACKGROUND OF THE INVENTION

Field of the Invention:

This invention relates to an improvement of a sound

| absorbing mechanism to be placed around a noise generating

source or in a propagation path of a noise, and more
particularly relates to a sound absorbing wechanism using a
porous material.

Description of the frior Art:

PRIOR ART 1.

Fig. 44 is é sectional view showing the construction
of a conventional sound absorbing mechanism using a hard
poroue material as a first prior art (prior art 1), and the
figure also has an explanatory diagram for showing a sound
pressure distribution of a sound wave to be input into the
sound absorbing plate thereof. 1In Fig. 44, reference
numeral 1 designates a sound insulator such as a wall; and
nuﬁeral 2 designates a sound absorbing plate of a hard
porous material made of plastic particles, a ceramic, foam
metal or the like, for example. Reference numeral 11
designates a back air space of the sound absorbing plate 2;
numeral lla designates the thickness of the back air space
11; numerai 81 designates an input sound; reference
character B designates an average input angle of the input
sound 81; and character A designates a Wavelength of a sound

wave having the highest sound pressure level among the input
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sounds 81. 1In the explanatory diagram showing a sound
pressufe distribution, mark + designates the operation of
positive pressure on_the sound absorbing plate 2; and mark -
designates the operation of negative pressure on the sound

' absorbing plate 2. Arrows 85 and 86 designate directions of
an input sound wave operating on the back air space 11
through the sound absorbing plate 2.

Next, the operation thereof will be described. The
input sound 81 passes through the sound absorbing plate 2 to
be input into the back air space 11. The sound absorbing
plate 2 has acoustic mass m and acoustic resistance r as the
acoustic characteristics thereof, and the back air space 11
has acoustic capacity ¢ as the acoustic characteristic
thereof. The acoustic equivalent circuit according to the
acoustic characteristics of the sound absorbing plate 2 and
the back air space 11 can be expressed as a series resonance
circuit of r - m - ¢. According to this éeries resonance
circuit, the resonance frequency thereof f, is expressed as
the following formula.

£, = (1 /2m x V(1 /me) ... (1)

When a sound wave having a frequency close to this
resonance-frequency f, is input into the sound absorbing
plate 2, the input impedance observed from the sound source
side becomes minimum. Accordingly, only the acoustic
resistance r of the sound absorbing plate 2 should be

considered. If the acoustic resistance r of the sound
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absorbing plate 2 is tuned to be a value close to the
characteristic impedance p. a (p: density of air; a: sound
velocity) of air, the sound absorption coefficient becomes
1.0 at the resonance frequency f,. Consequently, the sound
wave having the frequency close to the resonance frequency f,
penetrates into the SOund absorbing mechanism most
efficiently. The peneﬁrated sound wave forces the air
existing in the back air space 11 and having an acoustic
characteristic of acoustic capacity ¢ to vibrate. The
vibrated air goes in and out through gaps in the sound
absorbing plate 2, and the sound wave is transformed into
thermal energy by the acoustic resistance r of the gaps.
That makes it possible to radiate energy. This means that
the energy of the input sound wave was absorbed in the sound
absorbing mechanism, namely sound absorption has been
performed.

In the aforementioned sound absorption mechanism, it
is known that the efficiency of sound absorption is highest
in the case where the input sound 81 is input into the sound
absorption plate 2 perpendicularly. That is to say, in the
case where a sound wave is input perpendicularly, the phase
relation of the sound wave on the top surface of the sound
absorbing plate 2 is equal at any place on the top surface,
and the whole of the.sound absorbing plate 2 and the whole
of the back air space 11 are unified consequently, so that

the effective operation of resonance and sound absorption is:
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perfofmed. On the other hand, the case where the input
sound 81 is input into the sound absorbing plate 2 not
perpendicularly but at a certain input angle g will be
considered as an ordinary case. As shown in Fig. 44, when a
sound wave having a wavelength A is input into the sound
absorbing plate 2-at an input angle B, a phase difference
having a period'of A / cos(B) of sound pressure distribution
is generatéd on the sound absorbing plate 2. A sound wave
is basically absorbed by utilizing a resonance phenomenon.
But, if a distribution of the strength of sound pressure is
generated along a direction on a surface of the sound
absorbing plate 2, pressures 85 and 86 having reverse
directions to each other operate on the back air space 11,
so that adjoining parts of the back air épace 11 is
acoustically oscillated reversely. Then, pressures are
balanced in the back air space 11, and consequently it
becomes difficuit that air vibrations synchronized with
input sound waves are generated. That is to say, it becomes
difficult that resonance phenomena are generated between the
sound absorbing plate 2 and the back air space 11, so that
sound absorption effect is extremely checked.
PRIOR ART 2.

Fig. 45 is a longitudinal sectional view showing a
sound absorbing mechanism utilizing a sound absorbing
material and a resonance phenomenon by combining them as a

second prior art (prior art 2), which is shown, for example,
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in Japanese Patent Gazette No. 76116 / 1992 (Tokko-Hei 4-
76117). Fig. 46 is a sound absorption characteristic
diagram of the sound absorbing mechanism shown in Fig. 45.
In Fig. 45, reference numéral 91 designates a wall; numerals
92 and 93 designate air spaces; numeral 94 designates a
small opening or a slit; numeral 95 designates a nozzle;
numeral 96 designates a porous plate; and numeral 97
designates a sound absorbing material.

Next, the operation thereof will be described. The
aforementioned sound absorbing mechanism of the prior art 2
is provided with a porous plate 96 apart from the wall 91
with the air gpace 92 between. The porous plate 96 has a
large number of small openings or slits 94, which are
provided with nozzles 95 connected to them. Across the
porous plate 96, the sound absorbing material 97 which is
made of a fibrous material or a material made of a large
number of particleé is set over the whole plane at the tips
of the nozzles 95 with the air space 93 between. In this
connection, the air space 92, the small openings or slits 94
and the nozzles 95 comprise sound absorbing mechanisms
utilizing a resonance phenomenon, and the sound absorbing
material 97 and the air spaces 93 comprise sound absorbing
mechanisms utilizing sound absorbing materials. The
aforementioned elements of the sound absorbing mechanisms
utilizing a resonance phenomenon are connected to each other

through the air space 92, and the elements of the sound
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absorbing mechanisms utilizing sound absorbing materials are
connected to each other through the air space 93.

The sound absorbing mechanism of the prior art 2 has
a sound absorption characteristic of the curved line 3 shown
with a solid line in Fig. 46. A sound absorption
characteristic of a sound absorbing mechanism utilizing only
a resonance phenomenon is shown with a dotted line (curved
line 2) in Fig. 46, which sound absorbing mechanism has
large sound reduction effects at lower frequencies. A sound
absorption characteristic of a sound absorbing mechanism
utilizing only sound absorbing materials is shown with a
dashed line (curved line 1) in Fig. 46, which sound
absorbing mechanism has large sound reduction effects at
higher frequencies.

PRIOR ART 3.

Fig. 47 is a partially cutaway perspective view
showing the construction of a conventional sound absorbing
mechanism as a third prior art (prior art 3), which utilizes
both the slits and a porous material and is shown, for
example, at pp. 245 - 250 and pp. 351 - 356 of Kenchiku
Onkyo Kogaku Hando Bukku (Architectural Acoustics Handbook)
ed. by Nippon Onkyo Zairyo Kyokai (Japan Acoustical
Materials Association) (Gihodo, Tokyo, 1963). Fig. 48 is a
sound absorption characteristic diagram of the sound
absorbing mechénism shown in Fig. 47. 1In Fig. 47, reference

numeral 91 designates a wall; numerals 92 and 93 designate
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air spaces; numeral 98 designates a porous material; and
numeral 99 designates a slit plate.

Next, the operation thereof will be described. The
aforementioned sound absorbing mechanism of the prior art 3,
~which uses a structure utilizing slits and a porous
material, raises the sound absorption characteristics of the
porous material 98 and the air space 92 by means of the
resonance phenomena of the slit plates 99 and the air spaces
93. As shown in Fig. 48, the raised sound absorption
characteristics are particularly effective at lower
frequencies around 200 to 500 Hz due to the resonance’
phenomena at the slit parts.

Since the sound absorbing mechanism of the prior art
1 is constructed as mentioned above, the resonance frequency
f, is determined in accordance with the thickness 1la of the
back air space 11 if the sound absorbing plate 2 is
specified. The sound absorption coefficient becomes maximum
at the resonance frequency f,, and the sound absorption
characteristic has large values in a narrow frequency band
with the resonance frequency £, as a 1/3 octave band center
‘frequency. . Since some sound pressure distributions are
generated in some directions on the sound absorbing plate 2
when sound waves are input into the sound absorbing plate 2
at angles other than a right angle, the prior art 2 has a
problem that the interference of input sound waves is

generated at some frequencies according to phase differences
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to bring about the reduction of the sound absorption
coefficient.

Since the sound absorbing mechanism of the prior art
2 is constructed as mentioned above so that a sound
absorbing mechanism utilizing a resonance phenoménon to be
generated by elements connected to each other and a sound
absorbing mechanism utilizing sound absorbing materials
connected to each other are combined to absorb sound waves,
the prior art 2 has problems that some sound pressure
distributions are generated in.some directions on the sound
absorbing material 97 when sound waves are input into the
sound absorbing material 97 at angles other than a right
angle gimilarly in the prior art 1, so that the interference
of input sound waves is generated at some frequencies
according to phase differences to bring about the reduction
of the sound absorption coefficients at lower frequencies as
shown in, for example, Fig. 46.

The sound absorbing mechanism of the prior art 3,
which utilizes slits and a porous material, has a problem
that the sound absorption coefficients at lower frequencies
around 200 Hz to 500 Hz are large due to sound resonance
phenomena at the slits but the sound absorption coefficients
at higher frequencies more than 500 Hz are small.

SUMMARY OF THE INVENTION
In view of the foregoing, it is an object of the

present invention to provide a sound absorbing mechanism



-9

using a porous material which has a superior sound
absorption characteristic from lower frequencies to higher
frequencies by forming back air spaces in supporting members
and forming resonators with hollow members.

It ié another object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by disposing plural
reflecting members in front of a sound absorbing plate.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by disposing plural
reflecting members in front of a sound absorbing plate and
equipping a protecting plate having an opening.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by disposing plural
sound absorbers composed of a thin plate of a porous
material and a hollow member in front of a sound absorbing
plate.

It is a further object of\the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from

lower frequencies to higher frequencies by disposing plural
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sound absorbers, which are composed of a thin plate of a
porous material and a hollow member, and a protecting plate
having an opening in front of a sound absorbing plate.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by forming a sound
absorbing plate of a porous material and equipping plural
reflecting members.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lowér frequencies to higher frequencies by disposing a
protecting plate having an opening in front of reflecting
members.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristics from
lower frequencies to higher frequencies by forming a sound
absorbing plate of a porous material and equipping plural
sound absorbers made of a thin plate of a porous material
and a hollow member.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from

lower frequencies to higher frequencies by disposing a
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protecting plate having an opening in front of plural sound:
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absorbers.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by forming a sound
absorbing plate made by welding plastic particles partially.

It ig a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by forming a sound
absorbing panel by equipping a sound insulating plate at the
back of a sound absorbing mechanism.

It is a further object of the present invention to
provide a sound absorbing mechanism using a porous material
which has a superior sound absorption characteristic from
lower frequencies to higher frequencies by equipping a third
hollow member for forming a second resonator having a third
back air space in each inside of first hollow members.

According to the first aspect of the present
invention, for achieving the above-mentioned objects, there .
is provided a sound absorbing mechanism using a porous
material which sound absorbing mechanism supports a sound
absorbing plate made of a thin plate of a porous material
above a sound insulator, forms separated plural first back

air spaces by'separating a space between the sound absorbing
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plate and the sound insulator, and forms a first resonator
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having a second back air space in each first back air space.

As stated above, the sound absorbing mechanism using
a porous material according to the first aspect of the
present invention improves the sound absorption
characteristic thereof by separating the sound absorbing
function thereof by means of the first resonators having a
second back air space which resonators are formed in each
separated plural first back air space formed by separating
the space between the sound absorbing plate and the sound
insulator, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic f£rom lower
frequencies to higher frequencies can be obtained.

According to the second aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous matefial which sound absorbing mechanism
comprises plural reflecting members disposed in front of a
sound absorbing plate with a space from the sound absorbing
plate.

As stated above, the sound absorbing mechanism using
a porous material according to the second aspect of thé
present invention makes it easy to bring about a resonance
phenomenon and improves the sound absorbing performance
thereof by comprising plural reflecting members disposed in
front of a sound absorbing plate with a space from the sound

absorbing plate, and consequently, a sound absorbing
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mechanism having a superior sound absorption characteristic
from lower frequencies to higher frequencies can be
obtained.

According to the third aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises plural reflectihg members disposed in front of a
sound absorbing plate with a space from the sound absorbing
plate, and a protecting plate disposed in front of the
reflecting members for fixing the reflecting members which
protecting plate has an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the third aspect of the
present invention improves the sound absorbing performance
thereof by comprising plural reflecting members disposed in
front of a sound absorbing plate with a space from the sound
absorbing plate and a protecting plate disposed in front of
the reflecting members which protecting plate has an
6pening, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic from lower
frequencies to higher frequencies can be obtained.

According to the fourth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises plural sound absorbers composed of a thin plate of

a porous material and a second hollow member, which sound



-14 -~
absorbers are disposed in front of a sound absorbing plate
with a space from the sound absorbing plate.

As stated above, the sound absorbing mechanism using
a porous material according to the fourth aspect of the
present invention improves the sound absorbing performance
thereof by comprising plural sound absorbers composed of a
thin plate of a porous material and a second hollow member,
which sound absorbers are disposed in front of a sound
absorbing plate with a space from the sound absorbing plate,
and consequently, a sound absorbing mechanism having a
‘supérior sound absorption characteristic lower frequencies
to higher frequencies can be obtained.

According to the fifth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises plural sound absorbers composed of a thin plate of
a porous material and a sécond hollow member, which sound
absorbers are disposed in front of a sound absorbing plate
with a space from the sound absorbing plate, and a
protecting plate disposed in front of the sound absorbers
for fixing the sound absorbers, which protecting plate has
an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the fifth aspect of the
present invention improves the sound absorbing performance

thereof by comprising plural sound absorbers composed of a
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thin plate of a porous material and the second hollow
member, which sound absorbers are disposed in front of a
sound absorbing plate with a space from the sound absorbing
plate, and a protectihg plate disposed in front of the sound
absorbers, which protecting plate has an opening, and
consequently, a sound abSorbiﬁg mechanism having a superior
sound absorption characteristic from lower frequencies to
higher frequencies can be obtained.

According to the sixth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a sound absorbing plate made of a thin plate of a
porous material and disposed above a gsound insulator with a
back air space between, and plural reflecting members
disposed in front of the sound absorbing plate with a space
from the sound absorbing plate.

As stated above, the sound absorbing mechanism using
a porous material according to the sixth aspect of the
present invention improves the sound absorbing coefficients
thereof at higher frequencies by comprising a sound
absorbing plate made of a thin plate of a porous material
and disposed above a sound insulator with a back air space
between, and plural reflecting members disposed in front of
the sound absorbing plate with a space from the sound
absorbing plate, and consequently, a sound absorbing

mechanism having a superior sound absorption characteristic
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from lower frequencieS-to higher frequencies can be
obtained.

According to the seventh aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a protecting plate disposed in front of reflecting
members for fixing the reflecting members, which protecting
plate has an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the seventh aspect of the
-present invention improves the sound absorbing performance
thereof by comprising a protecting plate disposed in front
of reflecting members, which protecting plate has an
opening, and consequently, a sound absorbing mechanism
having a superior sound absorption characteristic from lower
frequencies to higher frequencies can be obtained.

According to the eighth aspect of the preseht
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a sound absorbing plate made of a thin plate of a
porous material and disposed above a sound insulator such as
a wall with a back air space between and plural sound
absorbers composed of a thin plate of a porous material and
a hollow member, which sound absorbers are disposed in front
of the sound absorbing plate with a space from the sound

absorbing plate.
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As stated above, the sound absorbing mechanism using
a porous material according to the eighth aspect of the
present invention improves the sound absorbing performance
thereof by disposing plural sound absorbers composed of a
thin plate of a porous material and a hollow member in front
of a sound absorbing plate with a space from the sound
absorbing plate, and consequently, a sound absorbing
mechanism having a superior sound absorption characteristic
from lower frequencies to higher frequencies can be
obtained.

According to the ninth aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism
comprises a protecting plate disposed in front of plural
sound absorbers for fixing the sound absorbers, which
protecting plate has an opening.

As stated above, the sound absorbing mechanism using
a porous material according to the ninth aspect of the
present invention improves the sound absorbing performance
thefeof'by disposing a protecting plate hawving an opening in
front of a plural sound absorbers, and consequently, a sound
absorbing mechanism having a superior sound absorption
characteristic from lower frequencies to higher frequencies
can be obtained.

According to the tenth aspect of the present

invention, there is provided a sound absorbing mechanism
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using a porous material in which sound absorbing mechanism a
sound absorbing plate is made by welding plastic particles
parﬁially.

As stated above, the sound absorbing mechanism using
a porous material according to the tenth aspect of the
present invention uses a sound absorbing plate made by
welding plastic particles partially, and consequently, a
sound absorbing mechanism having a superior sound absorption
characteristic from lower frequencies to higher frequencies
can be obtained.

According to the eleventh aspect of the present
invention, there is provided a sound absorbing mechanism
using a porous material which sound absorbing mechanism is
formed as a sound absorbing panel by equipping a sound
insulating plate corresponding to a_sound insulator at a
back of a sound absorbing mechanism.

As stated above, the sound absorbing mechanism uéing
a porous material according to the eleventh aspect of the
present invention is formed as a sound absorbing panel by
equipping a sound insulating plate corresponding to a sound
insulator at the back of a sound absorbing mechanism, and
consequently, a sound absorbing mechanism having a superior
sound absorption characteristic from lower frequencies to
higher frequencies can be obtained.

According to the twelfth aspect of the present

invention, there is provided a sound absorbing mechanism
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comprises a third hollow member fixed to a back of a sound
absorbing plate.for forming a second resonator having a
third back air space separated from a second back air space
in each inside of first hollow members.

As stated above, the sound absorbing mechanism using
a porous material according to the twelfth aspect of the
present invention comprises a third hollow member for
forming a second resonator having a third back air space,
and consequently, a sound absorbiﬁg mechanism having a
superior sound absorption characteristic from lower
frequencies to higher frequencies can be obtained.

The above and further objects and novel features of
the present invention will more fully appear from the
following detailed description when the same is read in
conﬁection with the accompanying drawings. It is to be
expressly understood, however, that the drawings are for
purpose of illustration only and are not intended as a
definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 1 of the present
invention;

Fig. 2 is a longitudinal sectional view showing the

construction of a sound absorbing mechanism using a porous
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material according to the embodiment 1 of the present
invention, including an explanatory diagram showing a sound
pressure distribution of a sound wave to be input into the
sound absorbing plate thereof;

Fig. 3 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a porous
material according to the embodiment 2 of the présentl
invention;

Fig. 4 is a sound absorption characteristic diagram
of a sound absorbing panel using a porous material according
to the embodiment 2 of the present invention in conformity
with the method for measurement of sound absorption
coefficients in a reverberation room;

Fig. 5 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 3 of the present
invention; |

Fig. 6 is a longitudinal sectional view showing the
conétruction of a sound absorbing mechanism using a porous
material according to the embodiment 3 of the present
invention;

Fig. 7 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 4 of the present
invention;

Fig. 8 is a longitudinal sectional view showing the
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construction of a sound absorbing mechanism using a porous
material according to the embodiment 4 of the present
invention;

Fig. 9 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 5 of the present
invention;

Fig. 10 is a perspective view showing the
construction of a.sound absorbing mechanism using a porous
material according to the embodiment 6 of the present
invention;

Fig. 11 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 6 of the present
invention;

Fig. 12 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 6 of the present
invention;

Fig.-13 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 7 of the present
invention;

Fig. 14 is a sound absorption characteristic diagram
of a sound absorbing mechanism using a porous material

according to the embodiment 7 of the present invention in
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conformity with the method for measurement of sound
absorption coefficients in a reverberation room;

Fig. 15 is a characteristic diagram showing an
effect of a sound absorbing mechanism using a porous
material accoxrding to the embodiment 7 of the present
invention;

Fig. 16 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a porous
material according to the embodiment 8 of the present
invention;

Fig. 17 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 9 of the presenﬁ
invention;

Fig. 18 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 10 of the preseﬁt
invention;

Fig. 19 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 10 of the present
invention;

Fig. 20 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 11 of the present

invention;
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Fig. 21 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 11 of the present
invéntion;

- Fig. 22 is a perspective view showing the
construction of a sound absorbing mechanism using a pdroUs
material accofding to the embodiment 12 of the present
invention;

Fig. 23 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material accordiﬁg-tO'the embodiment 12 of the present
invention;

Fig. 24 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a porous
material according to the embodiment 13 of the present
invention;

Fig. 25 is a sound absorption characteristic diégram
of a sound absorbing panel using a porous material according
to the embodiment 13 of the present invention in conformity
with the method for measurement of sound absorption
coefficients in a reverberétion-room;

Fig. 26 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 14 of the present
invention;

Fig. 27 is a longitudinal sectional view showing the
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construction of a sound absorbing mechanism using a porous
.material according to the embodiment 14 of the present
invention;

Fig. 28 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 14 of the present
invéntion;

Fig. 29 is a longitudinal sectional view showing the
construction of an increased sound absorber of a sound
absorbing mechanism using a porous material according to the
embodiment 15 of the present invention;

Fig. 30 is a longitudinal sectional view showing the
construction of an increased sound absorber of a sound
absorbing mechanism using a porous material according to the
embodiment 15 of the present invention;

Fig. 31 is a longitudinal sectional view showing the
conétruction of an increased sound absorber of a sound
absorbing mechanism using a porous material according to the
embodiment 15 of the present invention;

Fig. 32 is a perspective view showing the
construction of -a sound absorbing mechanism using a porous
material according to the embodiment 16 of the present
invention;

Fig. 33 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous

material according to the embodiment 16 of the present
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invention;

Fig. 34 is a sound absorption characteristic diagram
of a sound absorbing mechanism using a porous material
according to the embodiment 16 Qf the present invention in
conformity with the method for measurement of sound
absorption coefficients in a reverberation room;

Fig. 35 is a characteristic diagram showing an
effect of a sound absorbing mechanism using a porous
material according to the embodiment 16 of the present
invéntion;

'Fig. 36 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a porous
material according to the embodiment 17 of the present
invention;

Fig. 37 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 18 of the present
invention;

Fig. 38 is a longitudinal sectional view showing the
.conétruction-of a 'sound absorbing mechanism using a porous
material according to the embodiment 18 of the present
invention; |

Fig. 39 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 18 of the present

invention;
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Fig. 40 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
matérial according to the embodiment 18 of the present
invention;

Fig. 41 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 19 of the present
invention; |

Fig. 42 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 20 of the present
invention;

| Fig. 43 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a porous
material according to the embodiment 20 of the present
invention;

Fig. 44 is a longitudinal sectional view showing the
construction of a conventional sound absorbing mechanism
using a porous material, including an explanatory diagram
showing a sound pressure distribution éf a sound wave to be
input into the sound absorbing plate thereof;

Fig. 45 is a longitudinal seétional view showing the
construction of a conventional sound absorbing mechanism
utilizing a sound absorbing material and a resonance
phenomenon by combining them;

Fig. 46 is a sound absorption characteristic diagram
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of the conventional sound absorbing mechanism utilizing a
sound absorbing material and a resonance phenomenon by
combining them;

Fig. 47 is a partially cutaway perspective view
showing the construction of a conventional sound absorbing
mechanism utilizing both slits and a porous material; and

Fig. 48 is a sound absorption characteristic diagram
of the conventional sound absorbing mechanism utilizing both
slits and a porous material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will
now be described in detail with reference to the
accompanying drawings.

EMBODIMENT 1.

Fig. 1 is a perspective view showing the
construction of a sound absorbing mechanism using a porous
material according to a first embodiment (embodiment 1) of
the present invention; and Fig. 2 is a longitudinal
sectional view showing the construction of a sound absorbing
mechanism using a porous material shown in Fig. 1, including
an explanatory diagram showing a sound pressure distribution
of a sound wave to bé input into the sound absorbing plate
thereof. 1In Figs. 1 and 2, reference numeral 1 designates a
sound insulator such as a wall. Reference numeral 2

designates a sound absorbing plate made of a thin plate of a

porous material, which is made of plastic particles, a
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heating and welding plastic particles parﬁially, which
porous material has a high sound absorption effect
exceptionally, is disclosed in Japanese Published Unexamined
Patent Application of No. 289333 / 1990 (Tokkai-Hei 2-
289333) having been filed by the éame assignee as that of
the present invention. The porous material disclosed in the
publication is hereby incorporated in the present-invention
by reference. The porous material which has a dénsity
gradient in the thickness direction thereof has furthermore
superior sound absorption effect. It is degirable that
porous materials to be used in the present invention should
have mechanical strength for forming the sound absorbing
mechanism. Reference numerals 11 and 12 designate back air
spaces of the sound absorbing plate 2; and numerals 1lla and
12a designate respective thicknesses of the back air spaces
11 and 12. Reference numerals 20a and 20b designate
latticed supporting members for supporting the sound
absérbing plate 2 above the sound insulator 1 with the space
of the thickness 1la of the back air space 11. The
supporting members 20a and 20b separates the space between
the sound insulator 1 and the sound absorbing plate 2 into a
lattice to form plural separated back air spaces 11.
Reference numeral 30a designates hollow members fixed to the
back of the sound absorbing plate 2 for forming separated

back air spaces 12 thinner than the back air spaces 11 in
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each of the plural back air spaces 11. The hollow members
30a and the sound absorbing plate 2 constitute plural
separated resonators 30. Reference numeral 81 designates an
input sound into a back air space 11; and numeral 82
designates an input spund into a back air space 12.
Reference character B designates an average input angle of
the input sounds 81 and 82; and character A designates a
wavelength of the input sound 81 or 82. 1In the explanatory
diagram of Fig. 2, which shows the sound pressure
distribution, mark + designates the operation of positive
pressure on the sound absorbing plate 2; and mark -
designates the operation of negative pressure on the sound
absorbing plate 2. Arrow 85 of Fig. 2 designates a positive
pressure of an input sound wave operating on the back air
space 11 or 12 through the sound.absorbing plate 2; and
arrow 86 designates a negative pressure of an input sound
wave operating on the back air space 11 or 12 through the
sound absorbing plate 2.

Such materials as polypropylene resin, polyvinyl
chloride resin, ABS resin and polycarbonate resin can be
used as the material of the sound absorbing plate 2. Since
the sound absorbing plate 2 is supported by the supporting
members 20a and 20b, the strength of the sound absorbing
plate 2 is increased.

Next, the operation thereof will be described. The

principle of sound absorption of the sound absorbing
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mechanism is expressed by means of the acoustic equivalent
circuit of the sound absorbing plate 2 and the back air
spaces 11 similarly in the prior art 1. The sound absorbing
plate 2 corresponds to acoustic mass m and acoustic
resistance r, and the back air spaces 11 correqunds to
acoustic capacity c¢. They form a series resonance circuit
of r - m - ¢. The resonance frequency £, thereoflis
detefmined in conformity with the aforementioned formula (1)
in the prior art 1.

The resonance frequency £, of the input sound 81 is
determined mainly in accordance with the thickness 1la of
the back air spaces 11 if the sound absorbing plate 2 is
specified. The resonance frequency £, of the input sound 82
is also determined mainly in accordance with the thickness
12a of the back air space 12. The sound absorption
coefficients respectively become maximum at the resonance
frequencies f, of them. Since each sound absorbing mechanism
is independent of the other, the total sound absorption
characteristic is the sum 6f respective sound absorption
characteristics, and the sound.absorption coefficients
thereof are consequently improved from lower frequencies to
higher frequencies as compared with those of the prior arts.

In the aforementioned sound absorption mechanism, it
is known that the efficiency of sound absorption is highest
in the case where the input sound 81 is input into the sound

absorption plate 2 perpendicularly. That is to say, in the
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case where a séund wave is input perpendicularly, the phase
relations of the sound wave on the top surface of the sound
| absorbing plate 2 are equal at any place oﬁ the top éurface,
and the Whole of tﬂe sound absorbing plate 2 and the whole
of the back air spaces 11 or 12 are consequently unified, so
that the-effective operatiop of resonance and séund
. absorption is performed. On the other hand, the casé'where
the‘iﬁpﬁt sound si ig input into the soﬁnd'absorbing plate 2 -
not perpendicularly but at-a certain input angle § will be
'considered as an ordinary case. As shown in Fig. 2, when a
gsound wave having a wavelength A is input into the soun§
absorbing plate Z-ét an input angle B, a phase difference
having a period of N / cos(f) of soﬁnd preésure distribution
is.generéted on.the sound absorbing plate 2. 1In the sound
absorption mechanism to be déscribed here, a sound wave is
basically ébsorbed by utilizing a resonance phenomenon. If
. a phase difference of sound pressure is generated aldﬁg a
diréctibn on a surface of the sound absbrbing plate.z,'the
.efficiency of sound absorption is reduced due to the phase
idifference in ﬁhe case whére back air spaces are connected
at the backsidé of thé éound absorbing plate 2 as in the
prior arts 1 and 2. ‘But, the back air spaces 11 are
separated from each other by the supportiné members 205,
20b, and the back air spaces 12 are separated from the_béck
air spaces 11, and then from each other, by thé resonators

30 and the supportingjmembers 20b, respectively, in the
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present embodiment. Consequently, each back air spacé 11
and-each back'air-space 12 respectively operates
Iindependently, and thereby it becomes eaSy to generate
‘resonance phenémena, which bringslabout'the_impro&ement of
the sound.absofption befformanCe-thereof. Since the
interference of sound waves due to phase differences is thus
little, the present sound abSorbing'mechanism has lafger
sound absorption coefficients as compared with.those of the
prior arts.

in-Figs.xl and 2, the embodiment 1 has iatticed.

. supporting members 20a and 20b, but the present invention
comprisés the use of the supporting members 20a alone or the
supporting members 20b alone. By such usage, a part of the
‘effects of the bresent embodimerit can be obtained.
EMBODIMENT 2..

Fig. 3 is a longitudinal sectional view showing the
construction of a sound absorbing panel using a hard porous
material according to a second embodiment (embédiment 2) of
‘the present invention; and Fig. 4 is a sound absorption
characteriéticsdiagram in conformity with the méthod fof
. measurement of sound absorption coefficients ip a
revérbefation'rooﬁ; " In Fig. 3, reference'numeral la
designates a sound insulating plate also serving as a
housing of thejsouhd absorbing panel, which sound absorbing‘
plate 1a corxeéponds to-an insulator éuch as a wall.

Reference numeral 4 designates a protecting plate made of a



-33~
punching metal or the like, which protecting plate 4 has.at
least one opéning and is fixed to ;he insulating plate 1la so
as Eo cover the opened part of the sound insulating pléte
1a,.

Next, the-operatipn'thereof Qill be described; The
sound absorbing panel is constructed by forming, for
example, a galvanized steel plate having the thickness of
1.6 mm iﬁto a box sized to be about-SOO.mm x 1960 mm x 50 am
as the sound insulating plate la, and by plécing the sound
absorbing plate 2_having the thicknesé of about 3.5 mm in
the box so that the thickness ila of the back air spaces.ll
becomes abouf 35 mm, to which sound absorbing plate 2
resénators 30 are fixed so that the thickness 12a of the
back air spaces.lz becomes about 9 mm. And then, an
aluminum plate héving the thicknessléf 0.8 mm and the'réte-
of opened area of'SS_%_is fixed to the sound ihsulating
plate la as the protecting_plate 4. The-soupd absorption
charactefistic'éf fhe sound absorbing panel thus constrﬁcted
has larger souﬁd absorption coefficients atlhigher
frequencies aé compared to those of tﬁe prior art 1, ahd'is
totally improved at a wider frequency band, as shown in ﬁig.
4. According to the results of some-experiments, the sound
absorption coefficients thereof are furthermore.improvéd at
the fhickness 12a qf the back air space 12 being about 15
mm. |

EMBODIMENT 3. -
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Fig. 5 is a pefspectiVe view shoWing the
.constiuction of a sound absorbing_méchanism ﬁsing a porous
material accbrding to. a third eﬁbodiment (embodiment 3) of
the present inveqtion; and Fig. G'is.a longitudinal-
sectional view shbwiﬁg the sound absorbing mechanism using a
porous material of Fig. 5. 1In Figs. 5 and 6, reference
numeral 13 designates back air spaées{of the sound absorbing
plate 2; and numeral 13a designates the thickness of the
: baék air spéces i3. ﬁeference numefél 31 designates |
resonators fixed to the béck of the sound absorbing plate 2
in the resonators 30 with the space of the thickness 13a of
_the back air spaces 13; and'numeral 31a_desi§nates hollow
members for furthermore_fdrming-resonators 31 in the hollow
meﬁbers 30a. These resonators 30.and'31 are disposéd SO as
to be parallel tohthe Supporting members 20a and
pgrpendidular to the supporting members 20b. Reference
numeral 83 designates-an input souﬁd into a back air space
13.

Next, the opefation-thereof will be described. Thé
resonance frequency f, of the input sound 83 is detéfﬁined in
accordance with the thickness 13a of the back air spacés 13.
The spund absorption coefficients respeqtiveiy become
maximum when-the frequencies of‘the input sounds 81, 82 and
83 are equal to the respective resﬁnahce frequencieé £, of
the back air spacés il, 12 and 13. 8Since each of the three

sound absorbing mechanisms are independent of each other,
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the total sound absorption characteristic is the sum Qf
respective sound absorption chaiacteristics, and the sound
absorptibn'coefficients thereof are_consequently furthermore
: improved even if they are.c§mpared with those of the
embddimént 1. Siﬁce, the back air spaces 11 are sepafated
from each other by the supporting members 20a, 20b, and the
"back air spaceé 12 are separated from ﬁhe back air spaces
11, and then from each 6ther, by the resonators 30 and the
~supporting mémbers'zob, and furthermqre the back air spaces
13 are éeparated.from the back air spaces 12, and then from
the back air spaces 11 and each other, by the resonators 31
and the supporting members 20b, respectively, each back air
space-ll, 12 and 13 respectively opgrates indepéndently; and
: thereby it becomes easy to Qenerate resonance phenomena,
whiéh'brings about the improvement of the sound absorption
'performance thereof. Since the interference of sound waves
due to phase differences ig thus littlé}'the present sound
absorbing mechanism hés-larger-sound_gbsorption coefficients
as compared with those of the prior arts 1 and 2.

‘In Figs. 5 and 6, the embodiment 3 has latticed
supporting members 20a and 20b, but the present invention
‘comprises the use of the supporting members 20a alone or the
supportiﬁg-members 20b alone. By such usage, a'part of the
~effects of the present emboaiment can be obtained. .
EMBODIMENT 4.

Fig. 7 is a perspective view showing the

¢
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_construction of a sound absorbing-méchanism using a poréus
material éccording to a féurth_embodiment (émboaiment 4) of
the present invention; and Fig. é is.é longitudinal-
sectiénal view showing the sound absorbing mechanism usiﬁg a
- porous méterial-of Fig. 7. 1In Figs.'7 and 8, reference
numeral 1 designates a sound insulator such as a wall.
Reference numeral 2 is a sound absorbing plate similar to
" that of the embodiment 1.. Referencé.numeral 11 designates a
back air space of the sound absorbing plate 2; and nuﬁeral'
lla designates the thickness of the back air space 11.
_Reference.numeral 40 designates_pluﬁal'reflecting.membefs
disposed in frdnt of the éound.absorbing pléte 2 so as to be
opposed to the sound absorbing platejé with a space;
Reference numeral 80 designates input sounds into the baék
aif spacé 11; which input sounds 80 having evaded the
reflecting members 40; numeral 81 designates an input sound
into-the back air spaqe 11; and numeral 8la designates a re-
" input sound into the back.air space.ll which re-input sound
8la is the input sound 81 having been :eflected by the_sound_
absorbing plate 2 and a reflecting member 40.
Sﬁch'materials as polypropylene resin, polyvinyl
chloride resin; ABS resin and polycarbonate’resin can be
used as the materials of the reflectiﬁg members 40. The
shapes of the reﬁlecting members 40 may be a hollowed piﬁe
or a solid rod. - |

Next, the operation thereof will be described. The
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resonance frequency f, of the-back air space 11 is determined
in accordance with the thickness 1la thereof. Sound |
absorption'coeffieients beceme maximum when the frequencies
of the input sounds éohand 81 ere equal to the respective
resonance frequencies f,. Many sounde do not pass through
the seund.abeorbing plate 2'butﬁare refiected on the surface
thereof in the case where the eound absorbing coefficient
thereof is smallq' Accordingly, when the reflectihg members
40 are placed so ae to be opbosed to the sound absorbing
plate 2, the reflected sounds are feflected by the
-reflecting_members 40 again And are input into the sound

_ abeorbing platel2 to Be absorbed by 'it. Because sounds
having a shorter wavelength'become re-input sounds 81la mofe
lefficiently, the sound absorption coefficients at
frequeneies higher than the resonance frequehcy £, are
increased, ahdethereby sound abeorption.coefficients can be
improved from lower frequenciee te higher frequencies as
compared with theee of the prior afts.

Because the re-input sounds 8la have propagation
paths longer then thoee_of the inpﬁt sounds 81, their phases
eare Shifted. Consequently, fesonance phenomena are
_ reinforced at soﬁe frequencies, which brings about the
- increase of sound‘absorptioh'coefficients.

The input sounds 80 are essentially reflected.on the.
top surfacee-of the reflecﬁing members 40, but some sound

waves of them are pulled into the spaces between the
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reflecting members 40-owing'to‘the phenomena such as
diffraction. Because the impedance of them is matched aﬁd
their iﬁput angles become close to be perpendicular, they
are absofbed efficiently.

EMBODIMENT 5.

Fig. 9 is a longitudinal sectional view:showing the
~ construction of a sound absorbing mechanism using a pérous.
material according to a fifth embodiment (embodiment 5) of
the present invention. 1In Fig. 5, reference numeral 41
designates pluﬁal reflecting membérs diSposed in front of
the sound absorbing piaﬁe 2 with a space from the sound
absorbing plate 2 and having a sectional form of an inverted
trapezoid. Because the reflecting members 41 can utilize
also the.side sﬁrfaces of them to reflect sound,waves,_re—
input sounds 81la can be_obtained more efficiently.
Conseéueﬁtiy, the sound absorption coefficients at
frequencies higher than the.resonance.frequency f, are
increased, and théreby-sound absorption.coefficiénts can be
improved from lower frequencies to higher frequencies as
‘compared with ﬁhose of thé prior art 1.

EMBODIMENT 6‘. |

Fig. 10 is a perspective view showing the
construétion_of a sound absorbing mechanism using a porous
material according to a sixth embodiment (embodiment 6) of
the present invention; and Figs. 11 and 12 are.longitudinal

sectional views showing the construction of the sound
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absorbing mechanism using a porous material shown in Fig..
10. In Figs. 10, 11 and 12, reference numeral 1 designates
a sound insulator such as a wall. Reference numeral 2
.designates a.sdund absorbing plate similar to that of the
embodiment 1. -Reference numeralslll and 12Idesignate back
air spaces of the'sound absorbing plate 2; and numerais lla
and 12a'designate the respective thicknesses of the back.air
spaces 11 and 12. Reference numerals 20a and éob designate
1atticed supporting members for supporting the sound
absotbing plate 2 so.as.to be opposed to the sound insulatof
-1 with the space.of the thiokness 1ia of the back air'spaces
11. Reference numera1.30 designates resonators fixed to the
insulator 1 side of the sound absorbing plate 2 with the
space. of thedthickness.lZa of the"back'air spaces 12;
numeral 30a designates hoilow members for forming the
resonators 30. The resonators 30 are-disposed s0 as to be
parallel to the supporting members 20a and perpendicular to
the supporting members 20b. Referenee numeral 40 designates
.plufal reflecting members disposed in front of the sound
absorbing plate .2 so.as to be opposed to the sound absorbing
plate 2 with a sbace and panallel to-the_resonators 30.
Reference numeral 81 designates an input sound into a back.
air space 11; numeral 8la designates a re—input sound into a
back air spaoe'll which re—input sound 8la is the input.
sound 81 having been reflected_by_the soundlabsorbing plate

2 and a reflecting-member 40; numeral 81b designates a re-
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input sound into é back air space 12 which re-input sound
81b is the input sbund 81 having been reflected by the sound
‘absorbing plate 2 and a reflecting.member 40; numeral 82
designates,an igput sound into a back air space 12; and
nuﬁeral 82bldesi§nate§ a re-input sdund into a back air
space 11 which re-input sbuﬁd 82b is the input sound 82
having been reflected Ey tHe soﬁnd absorbing platé 2 aﬁd a
refleqting member 40. |

Such-materials as'polypropylene resin, polyvinyl
chloride resin, ABS resin and polycafbonate resin cén be
used as the materials of the reflec;ing members 40. .Sinde
" the sound abSorbiné ?late 2 is supported by.thé supporting
members 20a and 20b, the strength 6f the sound absorbing |
platé.z is_incrgaéed._ The shapes of the reflecting members
: 40'may be a-hoilowed éipe or a solid.rod.

Next, the operatién-thereof will be described. The
resonance frequency ﬂ)bf the input sound 81 is determihed
‘mainly in accordance with the thickhess_lla of the back air
spaces 11. Thé resonance frequency f, of the iﬁput sound 82
is also determingd_mainly in accdrdanée with the thickness
12a of the back air épaces 12. The sound absorption
cqefficiénts'resfecﬁivély become'maximum.at the resonance
frequencies £, of thém. Since each.sound absorbing mechanism
is independent of thelqther, the total sound absorptioﬁ
characteristic'is the sum of respective sound absorption

' characteristics. 8Since the back air spaces 11 are separated
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by the supporting members 20a and 20b aﬁd.the back air’
spaces 12 are separated by'the_resonatqrs 30 and the
suppofting members 20b respectively, each back air space 11
and each back éir space 12 respectively operate
independently as'déSCribed in the embodiment 1, and thereby
iﬁ-becomes easy to generate fesonanée phenomena, which
brings aboﬁt thé improvement of the sound absorption
'performance thefeof. Since the interference of sound waves
due to phaée differendes is thus little, the present sound
absorbing mechanism has larger sound.absorption coeffiqiehts
as cdmpéred with fhoSe of the-prior arté 1 and 2.
Furthermore/.many sounds do not pass thrbugh'thé sound
-absorbing‘plate 2 but are refléétéd on fhe surface thereof
in the case whére the soundIabéorbing.coefficient thereof is
small. _Accordian?, when the reflecting members 40 are
placed so as. to be opposed to the sdund absorbing plate 2,
the reflected sounds are reflected'by the reflécting members
40 again and are input into the sound absorbing plate 2 as
the re-inpﬁt soﬁnds Sia,'81b and 82b to be absorbed by it..
. Because sounds having a shorter wavelength become re-input
sounds éla, 81b aﬁd 82b more_efficientl?,.the sound
.abSOrption coefficients at frequencies higher than the
‘resonance frequency ﬂ{are-incfeééed, and thereby sound
ébSOrption coefficients can be improved from lower
frequengies to higher frequencies as compared with those of

the prior arts 1 to 3.
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In Figs. 10, 11 and 12, the embodiment 6 has
-latticed supporting membcrs 20a-and 20b, but the present
invention comprises thelﬁse of the supporting members 20a .

' alone or the supporting-members 20b alone. By such usage, a
part of the effects of the present embodiment can be
obtained.

- EMBODIMENT 7

Fig. 13 is a perspective view showing the
construction.of a sound absorbing mechanism using a porous
materiai according to a seventh embodiment (embodiment 7) of
the present invention; Fig. 14 ic a'sound absorption
characteristic diagram in confofmity with the method fcr
measurement of scund absorption coefficients in a
reverberation room; and Fig; 15 is a characteristic diagram
shoWing an effect of the reflecting members 40; Fig. 15 |
shows the ratios of the sound absorption coefficients in the
case where the'sound absorbing mechanism shown in Fig. 13 is
equipped with the reflecting members 40 to the sound
absorption ccefficients in the case where the sound
absorbihg mechanism is not equipped with the reflecting
members 40. The reflecting members 40 are opposed to the
‘top surface of the sound abéorbing plate 2, and disposcd to
be_crbsséd’with-thé rescﬁators 30 pcrpendicularly. The
dispositions of the reflecting members 40 shown in_Figs. 10
to 13 also bring about the sound absorption effects shown in

Figs. 14 and 15 basically. The directions of the
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_dispositibns of the reflecting membérs-40 td the resonators
30 are not limited to the.shown perpendicular and parallel
difections, but ;hey may be arbitrar?; .And, similaf sound
absorption effecté can be obtained in the arbitrary
directioﬁ diépositiéns.

Next, the operation thereof will be described. The
sound absorbing mechanism is constructed by placing, for
example, a éound absorbing plate 2 having the thickness of
3.5 m@ so that the thicknesé lla of the back air spacés 11
becomes about 35 mm, té which'sound absorbing plaﬁe 2 ﬁollow
members 30a are fixed so tﬁat the.thickness.lza of the back .
air spaces 12 becomes-about_9 mm for forming the resonators
30. And then, square pipes made from ABS resin and'having
the width of abouﬁ 33 mm and the height of about 15 mm are
disposed with the space of about 10 mm from thé sound
absérbing plate 2 as ﬁhe reflectiné members 40. The souna
absofption,charécteristic of the sound absorbing mechanism
- thus constructed.is improved in the sound absorption
| coefficients at frequencies higher than about 1.5 kilo-Hz
owing to the effect of.reflection and at.frequencies léwer
than abouﬁcsoo Hz owing to.the_effect of slit resonation
phenomena as cdmpared to the sqund absorptidn characteristic
in case of having no reflecting ﬁembefs, and the fofmér is
totally improved ét a wider frequenqy band, as shown in
Figs. 14 and 15. According to the results of some

experiments, sound absorption coefficients are furthermore
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-improvedlat the thickness 12a of the back air spaces 12
being about 15'ﬁm and:at the space between the reflecting.-
- members.40 and the sound absorbing plate 2 being 15 mm.
EMBODiMENT 8. | |

Fig. 16 is a longitudinallsectional view showing the
.constfuction of a sound_absorbiﬁg panellusing a porous
material according to a éighth-embodiment (embodiment 8) of
the present inveﬁtion. In Eig. 16, reference numeral la -
designates a sound insulating plate.also serving as a
housing of the sound absorbing panel. Reference_numeral 4
designates a protecting platé made of a punching metal or
_ the like, which proteéting plate 4 has at least.one openiﬁg
and is fixed to the insulating plate la so as to covér thé-
opened part of the sound iﬁsuléting plate la. Reference
numeral 2la designates a supporting'member for disposing the
.refleéting mémberé 40. _Thé diféctions 6f the reflecting
members 40 may be parallel 6r ﬁerpendicular to the
resonators 30. This'sound absorbing panei has the same
effects as those of the embodiments's and 7.

EMBODIMENT 9.

Fig. 17 is a longitudinal sectional view showing the
construction of a sound absorbing mechanism using a poroué
material according to a ninth embodiment (embodiment.9) of
the present invention. 1In Fig. 17, refereﬁce numeral 1
designates a sqund‘insulatcr such as a wall. Reference

numeral 2 designates a sound abéorbing plate similar to that
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of .the embodiment 1; énd numeral 4 designates a protecting
plate made of a punching metal of the like, which protecﬁing
plate 4-has at least one opening and is disposed so as to be
opposed to the ﬁop surface of the sound absorbing platg 2.
Reference numeral 11 designates the back air space of the
sound.abéofbing'plateiz; and numeral 1lla designates the
thickness of thé back air-spéce 11. 'Reference-numerai 42
designates plural.reflecting members fixed to the protecting -
Iplate 4-and disposed in front of the sound absorbing plate 2
‘with a space~fpom the sound absorbing plate_z. Reference
nﬁmeral 81 designates.an input sound into the back air space
11; and numeral 8la designates a re-input sound into the
back aif space 11 which re-input sound 8la is the input
sound 81.having-been reflected by the sound absorbing plate
2 and a reflecting member 42,
éuéh-materials:as polypropylene resin, polyvinyi

- chloride resin, ABS resin and polycarbonate resin can;be '
used as the material-of the: sound absorbing_plate 2. The
-shapes of the reflecting members 42 may be a hollowed pipe
‘or a solid rodi |

| Next, the opefation thereof will be described. The
resonance frequency f, of the input sound 81 is determined in
accordapce with the thickness l1lla oflthe béck air space.ll.
Sound absorptioﬁ coefficients become maximum aﬁ the
resonance frequency fo._ Many sounds do not pasé through the

sound absofbing plate 2 but are reflected on the surface
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thereof in the case where the sound absorbing coefficient
thefédf-is small.. Accordingly, when the reflecting members
42 are placed so as to be opposed to the sound absorbing
‘plate 2, the-réflected sound iS'réflecﬁéd by a reflecting
member 42 again and ié input into the sound absorbing plate
2 as the re-input sound 8la to be absorbed by it. Because
sounds having a shorter wavelenth become re-input sounds
8la more efficiéntly,-the sound absorption coefficients at
frequencies higher than‘the resonance frequency ﬂ,are
increésed,'and thereby sound absorption coefficients cah'be
improved from lower frequencies to higher frequencies;as '
compared with thoée of the prior art 1. Besides, the damage -
of the sound absorbing plate 2 éan be prevented by the
protecting plaée 4. Since the'reflectihg members 42 are
fixed to the_pfotecting-plate 4 in advance, the efficiency
of fitting- operation of the protecting plate 4 at fitting
sites ié high. The reflecting membérs 42 serves also as a
reinforcémént méterial of the protecting plate.4.
'EMBODIMENT 10.

| fig. 18'is.a'§erspective_view showing tﬁe
. construction of-a sound absorbing mechanism using a pérous
material according to a tenth embodiment (embodiment 10) of
the present invention; and Fig. 19 is a longitudinal
sectionaI.Vieszhowing'the sound absorbing mechanism using é
porous materiai shown iﬁ Fig. 18. 1In Figs. 18 and 19,

reference numeral 4 designates a protecting plate made of a
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punching metal or the like, which protecting plate 4 is
formed by bending its_portions corresponding to the
refiecting members 42 described'in the embodimeﬁt 9 and has
openings in the.portiqné.other than the portions
- corresponding to the reflecting memﬁers 42 and furthermore.
ig disposed so as to bg opposed to the top_surface of the
sound absorbing plate 2.

Tﬁe gouhd absorbing mechanism thus constructed has
also the same éffects as those of the embodimenﬁ 9.
EMBODIMENT 11. |

'Fig. 20 is a perspective view showing the
construction of a sound absorbing meéhanism using a porous
material according to a eleventh embodiment (embOdimenﬁ 11)
of the present invention; and Fig. 21 is a longitudinal
' sectional view showing the éound abéorbing mechanism using a
porous material of Figi 20. In Figs. 20 and 21, reference
numeral 1 designates a sound insulator such as a wall.
.Reference numefal 2 designates. a sound'absorbing plate
'similar to thaf of the embodimen; 1l; and refereﬁce Qumeral 4
designates a.protgcting plate made_of.a punching metél.or
the liké, which protecting plate has openings and is
disposed in front of the sound absqrbing plate 2. Reference
numerals 11 and 12 designate back aif spaces of.the sound
absorbing plate 2; and nﬁmerals 1la and 12a designate
respective thicknesses of_tﬁe back éir spaces 11 and 12.

Reference numerals 20a and 20b designate latticed supporting
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members for supportihg-the sound absorbing plate 2 so as to
be opposed to the sound insulator 1'above the sound
insulator 1 With the space of the thickness 1la of the back
aif spaces 11. Reference nemefal 30'designates resonators
equipped to the insulator 1 side of the sound absorbing
plate 2 with the spece'of the thickness 12a of the back air
gspaces 12; and numeral 30a designates hollow members for |
forming the resonatore 30. fhe resonators 30 are disposed
so as to be pafallel ﬁo the supporting members 20a and
' perpehdicular_to the supperting members 20b. Reference
numeral 42 designates plural'feflecting members fixed to thel
protectiﬁg plate 4, and dieposed so es.to be'opposed to the
sound absorbing plate 2 and parellel to the resonators 30.
Reference numeral 81 designatee aﬁ input sound into a back
air space 11; numerai 81b designates a re-input sound into a
back air space 12 Which re-input sound 81b is the input
sound 81 having been reflected by Ehe sound absorbing plate
.2 and a reflecting member 42; numeral 82 designates an input
soﬁnd into a back air-space-lz; and numeral 82b designatee a
- re-input sound into a back air space 11_which re-input sound
82b is the in?ut sound 82 having been reflected by the sound
absorbing plate 2 and a reflecting member 42.

Such.meterials as'polypfopylene fesin, polyvinyl
chioride resin, ABS resin and édlycarbonate resin can be
used as. the material of the sound absorbing plate 2. Since

the sound absorbing plate 2 is supported by the supporting
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members 20a and.20b, the strength of the sound absorbing
platenz is increased. The shapes of the refledting members
42 may bé é hollowed pipe or a solid rod. |

Next, the operation thereof will be described; The
resonanée freQuenéy £, of the input souﬁd 81 is determined
Imainly in accordance with the thickneSs 11a of the back air
'spaces 11. The resonance. frequency ﬂ,éf the input sound 82
ig also dete:mined.mainiy in aécordanée with the thickness
12a of the back air spaces 12. Sound absorption
coefficients respectively become makimum at the resonance
frequencies ﬂ,of them. Since each sound absorbing mechanism
is independent of the other, the total sound abs§rption
characteriétic is the ‘sum of the respective sound absorption
 characteristice. Since the ‘back air spaces 11 are seﬁarated
by the éupporﬁing members 20a and 20b and.the back air
spaces 12 are separated by the resonaths 30 and the
'spppofting members 20b respectively, each back air space 11
and each back éir space'lz respectiveiy operate
independently as described in the embodiment 1, and thereby
iﬁ becomes easy to generate resonance phenomena, whiéh
brings about thé improvement of the sound absorption
performance thereof. Since the interference of sound waves
due to phaée différendes is'thus little, the present sound.
absorbing mechanism has larger sound absorption coefficients
as cdmpared with ﬁhoSe of the prior arté 1 and 2.

Furthermore, many sounds do not pass through the sound
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-absorbing platé 2 but are reflected on the surface thereof
ih_the caée where the sound absorbing coefficient thereof is
small, as deécribed in the embodiment 2. Accordingly; when
the refiecting members 42 are placed so as to be opposed to
the sound absorbing plate 2, thelrefiected sounds are
reflgcted by the reflecting members 42 again ana are iﬁput
into the sound absorbiné-plate 2 as the re-input sounds 81b
and 82b to be absorbed by,iﬁf_ Bécause sounds having é
shofter'wavelength become re-input sounds‘S;a énd 82b more
efficiently, sound_absorption coefficients at frequencies
-higher than thé resonance.frequency ﬁ,ére increased, aﬁd
ﬁhereby sound absorption coefficients can be improved from
lower_frequehcies.to_higher frequencies as compared with
those of the prior arts 1 to 3. Besides, the damage of the
sound absorbing plate 2 can be pfevénted by the protecting
plate 4. Since the reflecting ﬁembers 42 are fixed to.the
protectiﬁg’plate_4 in:adﬁance, the reflecting members 42
 also serves as reinforcemenﬁ materials of the protecting -
plate 4, and the efficiency of fitting Operatibn of the
protecting plate 4 at fitting siteslis high.

In Figs. 20 and 21, the embodiment 11 has latticed
supborting members 20a and 20b, but the present invention
comprises thé use of the supporting members 20a alone.or.the
supporting members 20b alone. By such usage, a part of the
effects of the present embodimenf caﬁ be obtained. The

‘similar effects can be expected in the case where the
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reflecting_members 42_are disposed perpendicularly to the
reeonators 30. |

' EMBODIMENT 12.

Fig. 22 is a perspective view showihg the
‘construction of a eound abeorbing;mechapism ﬁsing a ?orbus
material accerding to a tWe;fth embodiment (embodiment 12)
of-the present iqvention; and Fig. 23'is a longitudinal
sectional view shewiﬁg the sound absorbing mechanism usihg a
' porous material shown in Fig. 22. In Figs. 22ﬁand 23,
reference numeral 43 designa;es-plﬁral reflecting members
fixed to the prqtecting plate 4 and disposed so that the
: soﬁnd absorbing plate 2 is put between the reflecting.

' membefs_43 and the supporeing members 20a or 20b. Reference
numeral 8la designates.a re-input sound intb a back aif
~space 11 Which-re-input soﬁnd g8la is the inpﬁt sound.81'
having been feflected-by the sound absorbing plete 2 and
reflecting membe;s_43. | | .

- Since the-sound absorbing mechanism using a porous
material of the_embediment 12 is thus constfucted, it can
'improve sound absorption coeﬁficieﬁts gimilarly in the’
embodiment,ll, and it can not only prevent the damage of the
soﬁnd absorbing plate 2 but ‘also inerease the strength of
. the-seund absorbing plate'z. |
EMBODIMENT 13. |

Fig. 24 is a 1ongi£udinal.sectipna1 &iew showing the

construction of a sound absorbing panel using a porous
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material according to a thirteenth embodiment (embodiment
13) of the preseﬁt.invention; and Fig. 25 is a sound
absorption characteristic diagram iﬁ confofmity with-the
method for measdrement of sound absorption coefficients in a
‘reverberation room. In_Fig..24, reference numeral la
deSignates.a soﬁnd ineulating plate -also serving as a
- housing of the sound absorbing panel. Reference numeral 4 .
designaees a ﬁrotecting plate-hade of a.punching metal or
.the like, which protecting'plate 4 has at 1east.one opening
-and is fixed to the sound insulating plate la so as to cover
the opened pafﬁ of the.sound ihsulating plate la. Reference
numeral_42 desigﬁefes plural reflecting members fixed to the
protecting plate 4 and dispoeed so es to be opposed fo the
sound absorbing plate 2. The reflecting members 42 are
disposed to be perpendicular'to the resonators 30.

Ne#t, the operetion.thereof-will be described.
- Since the baek air spaces'll-are separated by the supporting
membefs.zoa aﬁd 26b and the back air specee 12 are separated
by the hollew members 30a and the supperting members 20b
.respeetively; each back air spadelll and each back air space
12 respectively opefate independently.as described in the
embodiment 1,-end;fhereby it becomes easy to generate
resonance phenomena, which brings about the improvement of
the - sound ebsorption performance thereof. Since the
interference of sound waves due to phase differences is thus

little, the preeent sound absorbing panel has larger sound.
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- absorption coefficients as COmparedIWith those of the pricf
arts 1 and 2. Furthermore, many sounds do not pass through
-the eound absorbing plete_z.bﬁt are reflected on the sufface
_therecf.ih the case where fhe sound absQrbiﬁg coefficient
thereof is sﬁail. Accordingly,.when the reflecfing members
42 are placed so as to be opposea tolfhe sound absofbing
plate 2, the reflected gsounds are reflected by the
reflectihg members 42 again and are input intofthe sound
.abscrbing plate 2 again to be absorbed by it. Because
souﬁds having a shorter wavelength are input more
efficiently, sound absorption coefficients at frequencies
higher than the resonance ffequency £, are increased,'and
thereby sound absorpticn coefficients can be imprcved from
_lower_frequencfes to higher frequencies.as ccmpared with
those of the.pfior arts-lltc 3.

The sound absorbing panellislconstructed by.fofming,:
for example, a galvanized steel plate having the thicknees
" of 1.6 mm into a box sized to be about 500 mm k 1960 mm x 50
mm es the sound.insuleting plate la, and by placing the |
sound-absorbing_plate_2'having the thickness of about 555 mm
- in the box so that the thickness 115 of the back air spacee
11 becomesg about 35 mm, to ﬁhich sound absorbing plate 2 the
hollow members 30a are fixea'eo that_the thickness 12a of
the back'air'spaces 12 becomes.ebouf 9'mm.fcr forming the
resonators 36.- And then,lsquare bars made from.ABS resin

and having the width of about 27 mm and the height of about
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15 mm are fixed ﬁc the protecting plate 4 made of an
aluminum plate having the thickness.of 0.8 mm and the rate
of opened area of about 40 % as the reflecting members .40.
And then, the protecting-plaﬁe 4 is fixed to the sound
inéulating plate'la. :The sound absorption charecteristic ef
- the sound absorbing panel'thus constructed is improved inl*
the sound absorption coefficieﬁts at frequencies higher than
about 1.5 kilo-Hz as compared to the sound absorption
charaeteristiC'in case Qf'having no refiecting members, and
the former is totally improﬁed-at-a wider frequency'band, as
shown in Fig. 25:

Similar effects can be expeeted-in the case where
the reflecting members 42 are disposed to be parallel to the
resonators.30. |
EMBODIMENT 14.

Figs. 26, 27 and 28 are longitudinal sectional views
showing the conetructidn of a sound absorbing mechanism
using a porous material according tola_fourteenth'embodiment
.(emboaiment 14) of the present.inventioﬁ. In Figs. 26, 27
and 28, reference nuheral 1edeeignates a sound insulator
such as a wall. -Reference-numerals 3a and.3b designate
sound absorbing_pletes_using a thin.plate porous material
similar to the sound absorbing plate 2 of the embodiment 1.
The materials of the sound absorbing plates 3a and 3b are
plestic particles, a eeramic, foam metal or the like.

Reference numeral 11 designates a back air space of the
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souﬁd'absorbing plate 3a; and numeral lla designates the
'thickness of the back air space il;. Reference numeral 14
designates a;béck air Spéce of.thé souﬁd absorbing plates
3b; numeral 14a desigﬁates the thickness of the
perpendicular direction of the back air spaces 14; and
nﬁmera1-14b designates the thickness.of'the horizontal
direction of the back air spaces 14. Referencélnumeral 32
designates plural increased sound absorbers compésed of a
sound absofbing'plate-Bb and a hollqw member 32& and
disposed in front of the soﬁnd absorbing platé 3a so és to
" be 6ppoéed to the ‘sound absorbing plate 3a with a space.
Referénce numeral 81 designates an input sound into thelback
air space 11; ﬂumeral 8lé_designates_a.re—input_sound into
the back air space 11 which'reainput sound 8la is the.input
sound 81 having been reflected by the sound absorbing plate
3a and én increased sound absorber 32; and humeral 81c
designatés'a reQinput.sound into a back air space 14 which
re-input sound 81lc is the inputlsound 81 having been
reflected by the séund absorbing plate 3a. Reference

- numeral 84 designates an inﬁut'sound into a back air Space_
14.

Next, the operation thereof will be described. The
‘resonancge freqﬁency £, of the input souﬁd 81;is_determined in
aécordance with the tﬁiékness lia of the back air space 11.
The resonance frequency f, of the input sound 84 is also

determined- in accordance with the thickness 1l4a or 14b of
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the back-air'spaces 14. Sound absorption coefficients
;res?ectively become méximum at the resonance frequencies £,
of them. Since each sound absorbing mechanism is
independent of each other, the totai sound absorption-
characteristic is the sum of the respective sound absérptidn
characteristics. Many sounds do not pass through the sound
_absorbing plate 3a but are reflected on the surface thereof -
in the case where the'souﬁd_absorbing coefficieﬁt thereof is 
small. Accordingly, when the inéreaééd sound absorﬁers 32
are dispoSed s0 as.to be opposed to the sound absorbing
plate 3a, thé reflected sound becomes the re-input sound 8lc
or the re-input sound 8la which is the re-input sound 8lc
reflécted by an,incréaséd sound absorber 32 again and is
* input into* the séund absorbing platé 3a to be absorbed.
Because sounds having a shorﬁer wavelength become re—input
sounds 8la and 8lc more efficiently, sound absorption
_coefficiehts at frequencies higher fhan_the resonénce
'frequency'ﬂ,aré increased, and thereby sound absorption
coefficients can be improved froﬁ loﬁér frequencieslto
higher fréquencies_as compared with those of the prior aft
1. | |

Because re-input sounds'have.a propagation path
longér than those of.inpﬁt sounds, their phases are shifted.
" Consequently, reéonance phenomena afé reinforced at some
frequencies, which brings about the increase of sound.

absorption coefficients. -
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Some sounds of the input sounds into the increased
.sound.absorbers 32 are pulled into the epaces between the
increased souna abserbers 32 o&ing to the phenomena ‘such as
diffraction. Beeaﬁse the impedance of them is matched and
their input angles become clese to be perpendicular, they
are absorbed efficiently.

According to the resdlts of some experiments, sound .
absorption COefficienes are most improved in case of the
construction shown in Fig} 26 among the eonstructions shoWn
in Figs. 26 te 28, o
.EMBODIMENT 15._

Figs. 29, 30 end 31 are'longituainal-seetional.vieWS'
showing the copstructions of increased sound absorbers 32 of
sound absorbing ﬁeehanisms using a porouslmaterial accerding
to a fifteenth embodiment (embodimeﬁt 15) of the preeent
invention respectively. 1In Figs. 29, 30 and.Bi, reference
. numerals 3b, 3¢, 3d and 3e designate sound absorbing plates
using a thin plate porous material. - The materials of.the-

- sound absorbing plates 3b, 3¢, 3d and 3e are plastic
particles, a eeramic, foam metel or the.like. Reference
numerals 14, 15, 16 and 17'designete back air spaces of the_
-sound absorbing plates 3b, 3c, 3d and 3e. Because this
embodiment seperates the sound abeorbing plates 3b, 3¢, 3d
and 3e and their-beck air spaces 14, 15, 16 and 17
respectivelyy plurel resonance frequencies £, can be set, and

thereby the frequencies having the local maximum sound.
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‘absorption coefficient can be dispersed. Consequently, the
distribution of a sound absorption coefficients having a

_ furthermore wider frequency:band can be obtained.
EMBODIMENT 16.

Fig. 32 is a perspective view showing the
'constructionfof a sound absorbing mechanism using a porous
lmaterial according to.a'sixteenth-embodiment (embodinent 16)
of the present invention; Fig. 33 is a longitudinal
sectional view showing the sound absorbing mechanism using a
porous material shown in Fig. 33} Fig. 34 is aisound
absorption characteristic diagram in conformity with tne
method for measurement of sound absorption coefficients in a
: reverberation room; and Fig;;35 is a characteristic diagram
shoWing the ratios of the sound absorption'coefficients in
the case where the sound absorbing mechanism shown in Figs.
"32 and 33 is,eéuipped with the'increased sonnd absorbers 32
to the sound absorption coefficients in the case where the
sound_absorbing mechanism is not equipped with the increased
sound absorbers 32. In Figs. 32 and 33, reference numeral 1
designates a sound insulator sucn as a wall. Reference
numerals 3a and 3b=designate~sonnd absorbing plates using a
hard thin plate porous material. The materials of the sound
: absorbing'plates 3a and 3b are plastic particles, a ceramic,
foam metal or the like. Reference numerals 11.and 12
designate_back air spaces of the sound absorbing plate 3a;

‘and numerals 1la and 12a designate the thicknesses of the
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back air spaceé 11 and 12-respective1y. Referehce numeral
14 designates the back air spaces ofifhe sound absofbihg
plates 3b; and numeral 14a designates the thickness of tﬁe
perpendicular directioh of the béck air spaces 14.

Reference numerals 20a and 20b designate 1atticéd supporting
membérs for supporting the souﬁd absorbing plate 3a so as ;6
be opposed to thé sound ipsulator 1'ébqve the sound
insulator 1 with the space of the thickness 1lla of thé_back
air spaces 11. Reference numeral 30 designates resonators
_equipped'to the sound insulator_l-side'of the sound
absorbing platé 3a with'the space of the.thicknéss 12a of
the back air'spaqes 12; and numeral 36a designates ﬁollow
members for forming the resonators 30. The resonatorS'3d
aré dispbsed-so as to be parallel ;o'the suppofting members
20a and perpendicular to the supporting members 20b.
Refefence numeral 32 deéignates plural increased sound

" absorbers composed of a spund absorﬁing plate 3b and a back
air space 14 and disposed solas to be opposed to the top
surface of the sound absorbiﬁé plate 3a. Reference numeral
81 designates an input sound into albaCk air space 11;
numeral 81b designétes é feﬁinput sound intd a back air
space 12 which re-input souﬁd 81b is the input sound 81
having been reflected by the sound absorbing plate 3a and an
inéreased sound absorber 32; numeral-sz designates an input
sound into.a back air space 12; and numeral 82b designétes a

re-input sound into a back air space 11 which re-input sound |
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82b is the input sound 82 having been reflected by the sound
-absorbing plete 3a and an_increased sound absorber 32.
Reference numeral 84 designates an input sound into a back
air space 14; |
‘Next, the operation thereof will be described.
Since the back air spaces 11 are-seperated by the supporting
members 20a and 20b and the back air spaces 12 are seperated
by the hollow members 36a and the supporting members 20b
' respectively, each_back-air;space 11 and each back.air-space
12 respectively-operate independently as described in the
embodiment 1, and thereby it becomes easy to generate
- resonance phenemena, which brings'abour-the improvement of
the soundlabsorption performance thereof. Since the
interference.of sound waves due to phase differences is thus
little,.the present sound absorbing mechanism has larger
sound absorption coefficients as.combared with those of the
-prior arts 1 and 2. The resonaﬁce frequency £, of the input
sound 81 is determined ﬁeinly in accordance with the
thickness 1la of the back air spaces 11. The resonance
_ frequeney f, of the input sound-84 is also determined mainly
'in accordance with the thickness l4a of the back air spaces
+14. Sound abserption coefficients respectively_become
maximum at the resonance frequencies £, of them. Since each
sound absorbing mechanism is independent of each other, ;he'
total seund absorption characteristic is the suﬁ of the

respective sound absorption characteristics. Furthermore,
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_many sounds do not pass through-thé sound absorbing plate 3a
but are reflected on the surface thereof in the case where
thé sound absorbing caefficient thereof is small. |
' Accordingly, when the incfeésed sound abso:bers 32 are
placed so as to be oppdsed to the sound absorbing platé 3a,
_the reflected sounds are réflected by the iﬁcreased sound
absorbers 42'again and are inpuﬁ into the sound absorbing
pléte 3a as the re-input sounds eib and 82b to be absorbed
by it. - Because sounds having a shérter wavelength become
re-input sounds,81b and 82b more efficiently, sound
.absdrption coefficienﬁs at frequenéies higher than the
resonance frequency f, are increased, and thereby sound
abéorptionacoefficients can be imprdVed from lower
frequencies to higher freéuéncies as compared with.thése of
the prior arts 1 to 3. |

Because the re—inpﬁt sounds have a pfopagation path .
longer than ﬁhése of the input éounds, their phases are
"shifted. COnsequently, resonancé phéhomena are reiﬁfdrced
at some frequenciés, which brings about the increase of
sound abéorptionlcoefficients,

Some gounds of the input sounds into the increased
sound absorbers 32 are pulled into the spaces between the
inéreased séund ébsorbers 32 owing to the phenomena such aé
| diffraction. Because thelimpedance of them is matched and
their input angles becdme close to be perpendicular, they

are absorbed efficiently.
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The sound absorbing mechanism uses a thin plate
porous materiai as the sound absofbing plates 3a and 3Db,
which porous matérial is made by partially heating and
welding plastic particles made from.polypropylene resin,
polyvinyl chloride resin, ABS resin, polycarbonate resin or
the 1ike, and is fully disclésed in Japanese Published
_ Unexamined.Patept Appiicatiqn of No. 289333 / 1990 (Tokkai-
: Hei_2-289333) titled "Tékbshitsu Kozotai (Porous Matérial)“.
The éound absérbing plate 3a héving the'thickness of about
3.5 mm is fixeq so that the thickness 1lé of the back air
-spéces 11 becomes about 35 mm, and the hollow members 30a
are fixed to_the sound absorbing plate 3a so that the .
thickness 12a of.the back air spaces 12 becomes about 9 mm
for forming the resonators 30. Thejsound absorbing plates
35 having a thickness of about 3.5 mm are fixed so that the
-thicknesses 14a of the back air spaces 14 becomes about 10
mm. And then, Ehe indreased_sound absorbers 32 thus
constructed and gized to have the width of about 33 mm and
the height of-about 15 mm are disposed Qith-a.space of about
15 mm from thelsound absorbing plate'3a so as tb be
.perpehdicular to the résonators'30. Thé éound absorption
characteristic of the sound.abéorbingfmechanism thus
constru¢ted is iﬁpfoVed in sound absorption coefficients-at
frequencies higher than about 1.25 kilo—Hz and is totally
improved at a wider frequency band as compared to the sound

absorption characteristic in case of having no increased
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sogna-absorbers as shown in Figs. 34 and 35. Since the
sound absorbing plate 3a is'supportéd by the supporting
| members 20a and 20b, the strength of the sound absorbing
plate 3a is increased. According to_the,reéults of some
_experimeﬁts, sound absorption ¢qefficients ére furthermore
improved at thé thickness.lza Qf the back air space 12 being
about 15 mm. | | |

In Figs. 32 and 33, the embodiment 16 has 1atticed
supportiﬁg members 20a and 20b, but the present invention
'comérises the use of the supporting members 20# alone or the
"suppérting-members 20b alone. By such usage, the effeéts'
similar to those of the present embddiment can be expected;
Similar effects also can be expected in the case where the'
increased sound absorbers 32 are disépsed tb be parallel to
the resoﬁatorS'BO. |
'"EMBODIMENT 17. .'

Fig. 36 is a longitudinai sectional view sh&wihg-the
construction of a sound absorbing panel using a porous
materia1 acc6rding to a seventeenth émbodiment.(embodiment
_17)'of the present invention. In Fig. 36, refefence numeral
la désignates a sound insulating plate also serving as a
housing of the sound absorbing panei. Reference numeral 4.
designates a protecting plate made of a.punching metal or
the like, which protecting pléte 4 has aﬁ least one opening
‘and is fiﬁed to the insulating platé la so as to cover the

opened paft of the sound insulating plate la. Reference
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numeral 2l1la designates a suppoftiﬁg member for disposing the
increased sound ébéofbers 32. The subject matter realized
in the_embodiment 16 brings ébout effects similar to those
of the embodiment 16 even if it is applied to phe form of a
.sound_abso;bing panel as shoﬁn in this embodiment.
EMBODIMENT 18.

Figs. 37 apd 39 aie'perspective views showing'ﬁhe.
constructions of sound absorbiﬁg mechaniSmé’using poroﬁs
materials according to an éighteenth-embodiment (embodiment
118) of the present invention; aﬁd Figs..38 and 40 are
longitudinal sectional viewé shoWingfeach sound abgorbing
mechanism shown ih.Figs. 37 and 39 respectiyely. In Figs.
37 to 40, referehce'numerals.Bb and'3c designate sound
absorbing plates using a thin plate porous material. The
.materials pf the sound absorﬁing plates 3b and 3c are
pléstic particlés, a deramic, foam metal or the like. Thé'
 sound absorbing plates éa-ahd 3b form the back air spaces 14
and increased séund absorbers 32 and are disposed so that
the sound absorbing plate 3a is put between the sound
‘absorbing plétes 3b or 3c and the suppo?ting members 20a or
20b. The increased sound absofbefs 33 composed of a sound
absorbing plate ﬁb.and a back air space 14_are disposed so
that the sound absofbing plaﬁe 3a is put between the
increased sound absorbers 33 and the supporting'members 20a
or 20b. _Rgference numeral Sia designates a re-input sound

into a back air space 11 which re-input sound 8la is the
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~ input sound 81 having been reflected by the sound absorbing
plaﬁe 3a and an increased sognd absorber 33. Reference
numeral 8lc designates a re—inpﬁt sound into a back aif_
'spacé'14 whichire—input souhd Blc;is tﬁé input sound 81
having been reflected-b? the sound absorbing plate 3a.

The thus constructed sound absorbing mechanism using
a porous material has not only the éﬁfect of the improvement
of sound absorption coefficients as described with respect
to the embodiment 16 but also the effect of the increase of
the streﬁgth of the sound absorbing plate 3a. |

In Figs. 37 to 40, fhe embodiment 18 has.latticed',
supporting memberé 20a .and 20b, but the'present invention
'comprises.the use of the suppdrfing_members.20a'alone or the
'supporting memﬁers 20b alone. By.such.usage, the effects
similar to those of the-preSent embodiment can be expegted.
EMBODIMENT 19.

Fig. 41 is a longitudinal séctional view showing the
cdﬁstrucﬁion of é sound absorbing mechanism using a porous
‘material according to a_nineteenth embodiment (embodiment
19) of the'present invention. In Fig. 41, reference numeral
1 designates a sound insulatér such as a wall. Referénce'
numérals 3a and 35 designate sound absorbing plates using a
thin plate porous material. The materials of the sound
absorbinglplatés 3a and 3b are plasticlparticles, a ceramic;
foam metal or the like. Reference numeral 4 designates a

protecting plate made of a punching metal or the like, which
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protecting plate 4 has at least one opening and is dispoeed
g0 as to.be opposed to the top surface of the sound
absorbing plate 3a. Reference numeral 11 desiéhates the
baek.air'spece of the;soﬁnd absorbing plate 3a; and numeraln
" 1la designates the thickness of the.back air space 11.
Reference numeral 14 designates back air spaces of the.souﬁdl
-absorbiﬁg plates'3b; and numeral 1l4a designates the
_thicknese of the perpendicular direetién of the back aif
space 14. Reference numefal 32 designates ﬁlurel increased
sound absorbers ﬁixed to the protectihg plate 4 and'cohposed
of a sound absorbing plate 3b and a back air space 14 and
furthermore disposed_so as to be opposed to the top surface
of the sound absorbing plate 3a. Reference numeral 81
deeiénates-en input'squhd into the back air space 11; and
numeral 8lc desiénates a xe4input seﬁnd into a back air
space 14 which re-input sound 81c is the input'sound é;
having been reflected by the sound absorbing plate 3a.

Since the sound absorbing mechanism using a porous
material ef the'embodimenﬁ 19 is thus constfucted, it can
improve sound absorption coefficiepts.at lower frequeﬁcies
to higher frequencies similarly in the embodiment 14. Aﬁd
it.can preveht the damage of the'squﬁd absorbiﬁg plate 3a by
means of the protecting plate 4. Furthermore, since the
increased seund_absofbefs 32 are fixed to the protecting
plate 4 in advanee, they eerve also-as reinforcements to the

protecting plate 4 and the efficiency of fitting operation
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of the protecting plete 4 at fitting sites is high.
| The sound absorbing plate 3b ean be expected'toihave
similar effeets in case of beiné fixed perpendieularly to
the protecting plate 4 as sﬁowﬁ in Fig. 28.
EMBODIMENT 20.

Fig. 42 is a perspective view showing the
construction of a sound absorbing ﬁechanism using a porous
material according tola-twensieth embodiment (embodiment 20)
_ of.the present invention; and Fig. 43 is a longitudinal
- sectional view showing the sound absorbing mechanism using a
porous material shown in Fig.'ez. In Figs. 42 and 43,.
reference numeral 1 designetes a souﬁd.insuletor such as a
wall. Referenee numerals 3a and 3¢ designate sound
absorbing plates using a thin blaﬁe pbrous material similar
to the sound absofbing plate 2 in the embodiment 1. The
materials of the soﬁnd absorbing-plates 3a and 3¢ are
plastic particles, a eeramic, foam.metal or the like.

- Reference numeral 4 designates a protecting plate made of a-
, puﬁching meﬁal oi thellike,.which protecting plate 4 has et
least one opening and is aisposed g0 as to be opposed to the
top_surface of the sound_absorbing plate 3a. Reference
numeraiS'll and 12 designaﬁe backlaif spaces'of the sound
absorbing plete 3a; and numerals 1la and 12a designate the
thicknesses of the back air spacelll and 12 respectively,
Reference-numera1.14 designates baek air spaces of the sound

absorbing plates 3c. Reference numerals 20a and 20b
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dééignate latticed supporting members disposed.so that the
‘sound absorbing pléte 3a is opposed to the sound.insulator 1
with fhe sbace-of the thickness 1lla of the back.air space
~11. Reference numeral 30 deéignates resonators fixedjto the
insﬁlatér 1 side éf the sound.absorbing.plate 3a with the
'space of the thickness 12a of the back air spaces 12; aﬁd
'numerél 30a designates hollow members fbrlfqrming the
resonators 30.. The resénatdrs'30 are disposed so as to be
parallel to the éupporting members 20a and perpendicular.to'
the supporting members 20b. Reﬁerénce numeral 32
deéignatés plurél increased sound absorbers fixed to the
protecting plate 4 and cpmeéed of a sound absdrbing plate
30'and a.béck air spade 14. The increased souna absorbers
. 32 are disposed so that the sound absorbing plate 3a is put
betﬁéen.the increésed sound. absorbers 32-and the supporting
ImemberS'ZOa or 20b. Reference numeral_81 desighates an
'input'sound ingo a back air spade 11; nﬁméral 8lc designateé
a re-input spuhd into.a back air gpace 14 which re-input
sound 81lc is the'ihput sound 81 having been reflected by the
sound absorbing plate 3a; and numerél 82 désignates an input
sound inﬁo a back air space 12.

Next, the operation thereof will be deécribed.
Since thé éound'absorbing mgchanism.using a porous material
. of the embodiment 20 is'thus-constructed, it can impréve '
souﬁd'absorption éoefficients at lower fréquencies to higher -

frequencies as described in the embodiment 18. And it can
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-prevent the daﬁage of the sound_absorbing'plate 3a by means
of the protecting plate 4. Furthermore, siﬁce the increased
sound_absorbérs 32-are fixed to the protecting plate 4lin
advance;_they serve also as reinforcements to the protecting
plate 4 and the efficiency of fitting operation of the
protgcting plate 4 at fitting sites is high. The streﬁgth
of the sound absorbing élate 3a is also increased by the
 sound absorbersl32.

In Figs. 42 and 43, the embodiment 20 has latticed
'suﬁporting members 20a and.20b,'but_the present invention
comprises the use of the suppofting meﬁbers 20a alone of the
supporting members 20b alone. -By such usage, a part of the.
effects of the present embodiment can be obtained. |

.It will be appreciated from the foregoing
description that, according to the,first aspect of the
present invention, the sound absorbing mechanism is
constructed so as to subport a sound absorbing blate above a
" sound insulator, to form fifst separated plural back air
spaées by separating a space between the sound absorbing
plate and the sound insulator, and to form a first resonator
‘having a secpnd back air space separatéd from the first.back
air space in each first back air space, and consequently,
the sound absorbing mechanism which has a superior soﬁnd
absorption characteristic from lower frequencies to higher
frequencies can be obtained. | |

Furthermore, according to the second aspect of the
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presént invention, the sound absorbing mechanism is
- constructed so.aé to comprise plurai reflecting members
' disposed with a space froﬁ fhe_sound absorbing'plaﬁe,-and
consequently, the sound absorbiﬁg mechanism which has é
_superiof sournd absorption éharacteristig froﬁ lower
frequencies £o higher freQuencies can be obtained.

| Furthermore, according td the third aspect éf the
present-invention; the sound_absorbing mechanism is
constructed so as t§ comprise plural reflecting members
disposed in front of é sound_absorbing plate With a space-
'from-the-sound absorbing plate, and a protecting plate.
- disposed inlfront of the reflecting-members for fixing the'
refleéting members which ér&teqting plate has an oéening,
and consequently, the éound absorbing mechahism which-ﬁas a
_superiof SOund-absorption éharacteristig frém lower
frequencies Eo_higher-freéuencies can be obtained.

| Furthermore, according td thé'fourth aspect'of'the
present-invention; the sound_absorbing mechanism is
cqnstructed so as to comprise plural sound absqrbers
composed of a thin pléte of a poroﬁs material énd a seéond
hollbw member, which'SOUnd absorbers are disposed in ffont
: of.a sound absorbing plate, and conéequently, the sound
- absorbing mechanism which.has\a superior sound'absdrption
characteristic from lower frequencies to higher frequeﬁcies
can be ébtained. | |

Furthermore, according to the fifth aspect of the
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present invention, the sound absorbing mechanism is-
constructed so as'ﬁo'comprise plural sound absorbers
composed of a thin plate of a porous material and a second
hollow member, which sound abso:bers are disposed in front
_ of a sound absorbing plate, and a protecting piate disposed
‘ in front of'the sound;absorbers, which protecting plate has
- an epening, and consequently, the sound absorbing mechanism
whicn'has a snperior sound absorption characteristic from
lower frequencies to higher frequencies.can be obtained.

Fnrthermore, eccording to the sikﬁh aspect of the
present invention,.the sound absorbing mechanism is -
construeted so as'fo'comprise a sound absorbing plate and
plural reflecting members disposed in frone of the seund
absorbing plate with a space from the sound absorbing plate,
and consequently, the sound absorbing mechanism.which has a
| superior seUnd'ebsorpfion characteristic from lower
frequencies to higher frequeéncies can be'obtained.

'Furthermore, adcording'to the seventh aspect of the
present invent;on, the sound absorbing.mechanism is
constfucted so as to eomprise a'protecting plate disposed in
front of reflecting members; which protecting plate ‘has an
opening, and conseéuently, the sound absorbing mechanism -
which has a superior sound absorptien characteristic from
lower freqnencies to higher frequencies can be obtained.

Furthermore, according to the eighth aspect of the

present invention, the sound absorbing mechanism is
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l constructed so as to compriee a sound absorbing plate;made
of e thin plate of a porous material, and souna absorbers
'composed_of a thin plate of a porous material and a hollow
member, which eound absorbers are'dispeSed in front of the
sound absorbing plate with a space from the sound absorbing
plate, and censequently, the sound absorbing mechanism which
has a snperier sound absorption eharacterietic_from lower
frequencies to higher frequencies can be obtained.

Furthermore, according to the ninth aspect of the
invention,'the sound absorbing mechanism is constructed'so_
~as to comprise a protecting;plate disposed in front of
plufal sound absorbers for fixing the sound absorbers, which .
protecting plate has an opening, and consequently, the eound
'absofbing meehenism which has ensuperier sonnd absorption
.cnaracteristic:from lewer frequencies'to higher frequencies
can be obtained. '

.Furtnermore, aecording to the tenth aspect of the
preeent inventien, the sound absorbing mechanism is
‘constructed so that the sound absorbing plate thereof is
made by welding'plastic particles partially, ana
: consequently, the sound‘abserbing mechanism which has a
superior sound absorption characteristic from lower
'frequencies to higher frequencies can be obtained.

Furthernere, according to the eleventh aspect of the
present invention, the sound absorbing mechanism is . |

constructed so as to be a sound absorbing panel by equipping
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a-sound'insulating_plate at the back of a sound absorbin§
mechanism,_ahd consequently, the'sqund absorbiﬁg mechanism
which has a superior sound absorption charactefistic from
lowef freéuencies to higher frequencies can be obtained.

Furthermore, according to tﬁe twelfth aspect of thé
present invention, the sound absorbing mechanism is | |
constructed so as to comprise third hollow members for
forming éecond'resonators having a fhird back air space, and
consequently, ﬁhe sound'absorbing mechanism Whiéh has a
superior sound absorption characterisfic from lower
frequencies to higher frequencies can be obtained.

Whilé preferred embodiments of the preéent invention
_havé been described using specific terms, such-description
is_fﬁr illustrative purpbses only, and it is to be
understood that'changes_apd'variétiﬁns may be made.without.

departing from the spirit or scope of the follbwing claims.
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1. A sound absorbing mechanism using a porous
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WHAT IS CLAIMED IS:

material to be'placed.on a sound insulator such as a wall
coﬁprising:

-a sound absorbing plate madg of a thin plate of a
porous material;. .

a supporting member for supporting said sound
absofbing'plate.above said sound insulator, the supporting
meﬁber forming séparaﬁed plural first back air spaces by |
separating a space betweeﬁ éaid sound absqrbing plate.and
said.sound insulator; énd

a'first.hoilow member fixed'to-a back of said sound
absorbing pléte for forming a first resonator having a
seéond back air space separated ffom said first back air
space in each firét back air space;

2. The sbuﬁd.absorbing mechanism using'a porous
material according to claim 1, whiéh further comprises’
plurél reflecting membetrs disposed in front of said sound

: abéorbing plate with é space from the sound absorbing_plafe.

.3. The sound absofbihg mechanism using a porous
material according to élaim 1, which further comprises;

lplural reflecting ﬁeﬁbers dispoged ih front of said .
sound absdrbing plate with a spéce from the sound absorbing
pléte; and |

‘a protecting plate disposed_in front of said

' reflectihg members for fixing the reflecting members, the
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protecting plate having an opening.

4. The sound absorbing mechanism using a porous
maferial acdording to.claiﬁ.l, which further comprises
- plural sound absorbers coﬁposed of a thin'plate of-a.porous
material and a second hollow mémber, the s§und absorbefs
being disposed,in front of said sound absorbing plate with a
space from the sound absorbing élate.

5. The sound absorbing.meéhahism using a pofous
material according to claim 1, whiéh further comprisgs:

plural sbund absorbefs compoéed of a thin plate of a
porous material and a second holloﬁ member, the sound
absorbers being disposed-in front of said sound_absorbing
_ pléte with a space frém the .sound absorbing plate; and

a protecting platé disposed in frqnt of saidISOund'
absorbers for fixing.the soﬁnd.absorbers; said protecting
plate having an opening. |

6. A sound absorbing meéhanism using a éorous
material to be placed on a éouﬁd'ihsﬁlator such as a wall
comprising:

a sound absorbing plate made of a thin plate of a
porous material and disposed above.said gsound insulator with
a back air space between; and

plurél réflecting members dispoéed in front of saia
sound absorbing plate With a space from_fhe sound ébsbrbing
plate.

7. The sound absorbing mechanism using a porous’
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material accordlng to claim 6, whlch further comprises a
protecting plate dispéséd in front of said reflecting
members for fixing the reflecting members, the protecting
plate héving.an opening. |

8. A sound absorbing mechanism using a porous
material to be placed on a sound insulator sucH as a wall
comprising}

a sound.absorbing'plate made of a thin_plate 6f a
porous material aﬁd disposed above said sound insulator with
a back air space between; and

plural éound absorbers composed of a thin plate of é
porous materiai and a.héllow member, said sound absorbers
being disposed in front of said sound absorbing plate with a
space from the sound absorbing plate.

9. The sound absorbing mechanism usingla porous
material according to claim 8, which further cdmprises a
protectiﬁg'plate |
. disposed in front of said'plﬁral sound absorbers for'fixing
the sound absorbéfs, the protecting plate-having an'opening.

10. The sound absorbing mechanism using'a porou$
‘material according to claim 1, wherein said sound absorbing
plate is madg by welding'plastic-particles partially.

11. The sound absorbing mechanism using a porous
méteriai.according*to claim 6, wheréin said sound absorbing
plate is.made by welding plastic particles pértially.

12. The sound absorbing mechanism using a porous
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material'according to claim 8, wherein said sound absorbing
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plate is made by welding pléstic.particles partially.

13. The sound absorbing mechanism'usiné a porous
material according to claim 1, which is formed as a sound
absorbing paﬁel by equipping a.- sound iﬁsulating,plate
cbrresponding to said sound insulator at a Back of a sound
absorbing meéhanism. |

;4. The sound absorbing mechanism using a porous
material'accﬁrding to_claim 6, whiqh is formed as a sound
absorbing panel by equipping .a sound insulating'plate
corresponding to said;sbﬁnd insulator at a back of a sound |
abgorbing mechanism.

'15. The sound absorbing mechanism'using a porous
material according to claim 8, which is formed as a sound
-absorbing paneI by equipping a sound ihsulating plate
cbrresponding ﬁo said'SOund-insulator at a Back of a sound
absorbing meéhanism. |

'16. The sound absorbing mechanism using a porous
| material'accérding to claim 1, whiqh further comprises a
thifd hollow member fixed to a back of said souﬁd absofbing
plate for forming a secbﬁd resonator having a third back.aif
space separated from said_sécond back air space in ea¢h

inside of said first hollow members.



